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8.1 INTRODUCTION 
 
The awareness to be energy efficient in Malaysia is growing in all 
sectors as well as residential, buildings, industries and transportation. The 
environment issues which contributes to global warming and climate change 
through inefficient use of energy not only reflects responsibility to the nation 
but yield the obligation to be energy efficient in order to ensure optimum cost 
of operating energy consumption. The Malaysia Government with assistance 
from Sustainable Energy Development Authority Malaysia (SEDA Malaysia) in 
Malaysian National Renewable Energy Policy & Action Plan 2010 is forced to 
identify other alternative energy source with the emphasis on Renewable 
Energy (RE) in enhancing the utilization of indigenous renewable energy 
resources to contribute towards national electricity supply security and 
sustainable socio-economic development. 
The Ministry of Energy, Green Technology, Communications and 
Multimedia has reflected in the 9th Malaysia Plan (2006-2010) in emphasis the 
seriousness of energy efficiency towards creating an economy based on 
sustainable solution with a message ‘clean and green’. The development of RE 
in Malaysia is rather slow and still infancy and there are a few renewable energy 
sources has been identified. 
Presently, Malaysia is still enormously dependent on fossil fuels such 
as oil, petroleum, natural gas and coal as its primary source of energy, which has 
constantly been a critical element for the generation of social and economic 
growth in a country. Demand of fossil fuels becomes increasingly high and 
worrisome, because it will be significantly reduced and ultimately exhausted. 
Due to current increasing of fuel prices, especially crude oil prices in the world 
market, Malaysia is forced to identify other alternative energy source with the 
emphasis on renewable energy.  
It is estimated that the petroleum reserves can still be used for 13 years 
(until 2019) compared to the world that still can hold up to 34 years (until 2040).  
Natural gas and coal will still be able to survive for a period of 51 years (until 
  
2057) and 63 years (until 2069) respectively compared to the world that only 
lasted until 41 years (until 2047) and 71 years (until 2077).  It should be noted 
that natural gas reserves in Malaysia is 10 years longer than the world’s natural 
gas [1].  
The main focus after the study of the energy harvester is to identify the 
suiTable parameter for the size and quantity of permanent magnet for a 
generator for the desired voltage. After the suiTable been identified, the analysis 
of the output voltage is requires in order to meet the minimum requirement of 
output voltage. Then the designing and building a prototype of magnetic energy 
harvester as one of a power supply. 
 
8.2 LITERATURE REVIEW 
 
The energy produced by renewable natural sources (solar, wind power, 
piezo, thermo, wave) [2, 3, 8, 12, 15] and from artificial sources (thermal jet 
engine, machinery and equipment, radio and television transmitter) [8, 20] can 
be harvested. Figure 8.1 shows the types of natural sources available that can be 
harvested. 
 
 
Figure 8.1:Types of natural sources for energy harvesting system. 
 
Solar power has been identified as one of alternative energy source but 
most of it is domestic level only and it is not significant for large scale 
commercial use. The wind is not particularly good in Malaysia, therefore the 
wind energy conversion is most likely not suiTable. Hydrogen (H2) has been 
identified as one of the most valuable and long term renewable alternative to 
fossil fuel after solar. Fuel cell is in electromechanical cell which produces 
electricity directly from hydrogen and air. A few research and developments still 
been carried out because it is viewed as one of the most important energy 
conversion in the future. Hydro power is also one kind of RE and plays a major 
role in electricity generation on Malaysia but required a large scale of area and 
money. 
In this paper is presented a study concerning the energy harvesting 
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from electromagnetic field in the indoor environment. Energy harvesting is a 
physical process by which the energy is captured from the environment and 
transformed into usable electricity. It was carried out in order improved the 
design of a magnetic energy harvester based on permanent magnet. 
The main functional blocks of power management system can be 
grouped primarily into power supply, energy harvester, load manager and 
energy storage. Figure 8.2 shows the block diagram of the power management 
system for this project. 
 
 
 
 
 
 
 
 
 
 
Figure 8.2: Block diagram of Power Management System 
 
 
The power supply includes the switching mode, energy harvesting 
(generator) and load manager. The rotational (perpetual motion) is converted 
into electrical at a very low voltages is to be a supply for the dc generator. The 
dc generator is used to have a constant output voltage.  Power is supplied via a 
perpetual motion as it main sources, switching control circuit plays the role as a 
control circuits to get the desired output.   
Finally, the function of load manager is to give feedback to get the 
desired output voltage according to the given load. The implementation of the 
above power management system requires the simple electrical circuit to 
represent the output of the signals. 
The power supply is using a perpetual motion. Perpetual motion is 
motion that continues indefinitely and it is a theoretical machine that can do 
work without any external source of energy. Due to friction and other sources of 
energy loss, it is not possible to ever accomplish. This kind of machine is 
impossible, as it would violate the first or second law of thermodynamic [21]. 
Without altering the nature of the motion (as occurs in energy 
harvesting), the cases of apparent perpetual motion can be present, but such 
motions either are not actually perpetual or cannot be applied. For example, the 
motion or rotation of celestial bodies such as planets may appear perpetual, but 
are actually subjected to many forces such as solar winds, interstellar medium 
resistance, gravitation, thermal radiation and electro-magnetic radiation [21]. 
The flow of electric current in a superconducting loop may be perpetual 
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and could be used as an energy storage medium, but following the principle of 
energy conservation the source of energy output would in fact originate from 
the energy input with which it was previously charged [21]. 
There is also some experiment on general solution to three-body 
particle interactions done by Dr. Wistrom and Dr. A.V.M. Khachatourian of the 
University of California–Riverside. The theory they put forth is that an 
asymmetric electrostatic charge distribution among three or more spherical 
conductive objects will cause a constant torque to be expressed as a direct 
consequence of the Coulomb force and Gauss’ law of electric potential. Three 
body interactions are not simply an extension of proven two-body interactions. 
This includes both molecular and everyday macroscopic objects [4]. 
The concept lies in the arrangement of electromagnetically active 
components magnets, steel and copper such that the structural mass can be 
reduced.  It has also been designed such that during the assembly of large 
diameter permanent magnet machines there are no magnetic forces to worry 
about [16]. 
Electromagnetic energy harvester is another method can be use.  It 
generates electricity using magnetic material based on vibration [5]. In this 
research, it utilizes magnetic spring technique to scavenge the energy form from 
low frequency external vibration. It develop an AA size generator, uses a 
magnetic spring as cantilever the resonance frequency of the harvester. The 
output of the harvester is maximized by optimizing the moving magnet size, 
fixed magnet size, coil width, coil position and load resistance [13]. The results 
of the research are (i) as the fixed magnets size increase, flux density increase, 
displacement speed of the moving magnet decreases, and (ii) voltage reduces as 
the coil width increases.   
A research done by D.P. Arnold’s team [6] by using a permanent 
magnet generator with a three-phase, axial-flux, synchronous machine, each 
consisting of an eight-pole surface-wound stator and PM rotor for use of 
microscale power generation system.  At rotational speed of 120000 rpm, one 
generator demonstrate 2.5 W of mechanical-to-electrical power conversion and, 
coupled to a transformer and rectifier, delivers 1.1 W of dc electrical power to a 
resistive load.   
Harvesting energy from the environment is a desirable and gradually 
more significant capability in several promising applications of embedded 
systems such as sensor networks, biomedical implants, etc. It delivers a low 
voltage output [9-11, 15] and low level of electrical power [18] that is up to the 
converted by means of the power management circuit.  
In DC machine, the field winding is placed in the stator to excite the 
field poles, while the armature winding is placed in the rotor [22]. The voltage 
can be rectified with the combination of commutator and brush.  A turn 
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consists of two conductors connected to one end by an end connector [22] that 
connected in several series to form a coil. A winding is formed from a several 
coil in series. 
Figure 8.3 illustrates an unrolled lap winding and wave winding of a 
direct current (dc) machine along with the commutator bars and stationary 
brushes. The brushes are located under the field poles of their centre [22]. In 
lap winding the number of parallel path (a) is always equal to the number of 
poles (p) and also numbers of brushes. 
 
 
 
Figure 8.3: Field Winding (a) Lap Winding, (b) Wave winding 
 
In the research done by Ping [17] the generator has a long translator 
and a permanent magnet mover as magnetic field source. It generates a three 
phase electrical current. The generator is proposed to be operated using a dual 
chamber free piston internal combustion linear engine. The finished product is 
to be placed in a hybrid electric vehicle to generate electricity to run the 
motors and to charge the batteries. 
The major challenge is to design magnetic energy harvester is how to 
increase its output power density to higher level. The output voltage and 
power can be increase by making a large size harvester with thousand of turn, 
it will eventually lead to low efficiency and low power density caused by high 
energy loss on increasing coil resistance [7]. Rotor will move and generate 
magnetic field and induce voltage to the stator winding (Figure 8.4). Stator will 
generate required armature voltage, Ea.
 
 
 
 
Figure 8.4 : Relationship of rotor and stator. 
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Voltage is induced in the armature winding, as the armature rotates in 
the magnetic field generated by the stator poles. By using Faraday’s Law, the 
induced voltage in the coil is due to change of flux linkage [22]. The average 
value of the induced voltage in turn is 
 
et = 2B(θ)lωmr 
 
Where, 
 l is the length of the conductor in the slot of the armature 
 ωm is the mechanical speed 
 r is radius or the armature  
 
Let,         
 Φ = flux per pole  
 A =  area per pole =
2πrl
p
  
 
Then,   
B(θ) =
Φ
A
=
Φp
2πrl
 
 
From Equation (1) and (2), 
 
et =
Φp
π
ωm 
 
The voltage induced in all the turns connected in series for one parallel path 
across the positive and negative brushes will contribute to the average terminal 
voltage, Ea.  
 
 
Ea =
N
a
et 
    
  
Where  N = total number of turns in the armature winding 
 a = number of parallel path 
 
 
From Equation (3) and (4), 
(1) 
(2) 
(3) 
(4) 
(2) 
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Ea =
Np
πa
Φωm 
 
Ea = KaΦωm 
 
Where 
𝐾𝑎 =
Np
𝜋𝑎
 
 
 
In steady-state model as in Figure 8.5, the inductance of the field 
winding and the armature winding are not considered. The following are the 
equations: 
 
 
Figure 8.5: Steady-state model of separately excited dc generator 
 
Vt = RfIf 
Ea = Vt + IaRa 
                                                   Vt = RLIt 
 
Where, 
Rf=Rfw + Rfc (total field current resistance=field winding resistance + control 
rheostat resistance) 
RL = resistance of the load 
 
Therefore   
Vt = Ea − RaIa 
 
The NdFeB is chosen at between temperature of 20°C and 59°C with 
the magnetic flux density, Br of 1.17 Tesla to 1.22 Tesla. It will be attached to 
the housing of the generator that will act as a rotor. 
 
(5) 
(6) 
(7) 
(8) 
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8.3 METHODOLOGY 
 
This section explains all the approaches and methods taken in order to 
achieve objectives and aim of the study as discussed in previous section (Figure 
8.2).  
 
8.3.1 Power Supply 
 In this project, the method of perpetual motion that been used by using 
the permanent magnet of NdFeB (Neodymium) [19]. When two magnets with 
different poles will attracted to each other. As of the same poles, it will against 
each other. The illustration of the electromagnetic field characteristics is shown 
in Figure 8.6. 
 
 
 
 
 
Figure 8.6 : Electromagnetic field characteristics, (a) Different poles (b) Same 
poles 
 
The NdFeB is attached to the acrylic board with the diameter, d of 70 
mm that will move the rotor in the generator.  Six (6) magnets were attached at 
first to identify the output voltage generates by the generator. The magnet is then 
increased until 16 magnets in order to have a higher output voltage generated by 
the generator. With the aid of human involvement to trigger the magnet and 
rotates the rotor, another three (3) magnets where attached equally with the 
length between the magnet a and magnet b is 15 mm.  The illustration and 
prototype of the design is presented in Figure 8.7 and Figure 8.8. 
(a) (b) 
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Figure 8.7: Cross section of the switching device 
 
 
 
Figure 8.8 : Prototype of switching device using perpetual motion method. 
 
8.3.2 Energy Harvester 
In the design of the generator, it is set to have 200 turns for 6 poles for 
the rotor. In order to have the desired output voltage, the rotor was tested for 
2, 4 and 6 poles. The radius of rotor, r is 2 cm and the length is 2 cm. The 
thickness of the PM and coil is set between 2 mm and 10 mm and the air gap is 
set to 1 mm. The rotor contains of coils with number of turns is calculated from 
60 to 300 turns to identify the different value of output voltage generated. 
Both data were tabulated in Table 8.2 and Table 8.3 in the next section and the 
graph were plotted.  The design of the generator is shown in Figure 8.9. 
 
 
 
Figure  8.9 : Design of electromagnetic energy harvester. 
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8.3.3 Load Manager  
The resistors and LEDs are used as shown in Figure 8.10 below to 
manage the output according to the load.  The circuit design is drawn using 
OrCAD 16.5. For this circuit, two 330 Ω resistors were used. After the design 
was identified, the prototype is built as in Figure 8.11. The data of output 
voltage were gathered using digital multimeter. The experimental setup is 
shown on Figure 8.12. 
 
Figure 8.10 : Circuit design of load manager 
 
 
 
Figure 8.11 : Prototype of load manager 
 
 
Figure 8.12 : Experimental setup 
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8.3.4 Energy Storage 
A numerous energy harvesting should have energy storage because 
they need to continue operation even when there is no energy to harvest. By 
default, rechargeable batteries are used for longer term storage (several days 
to weeks). Batteries have the problem of non-ideal effects including aging and 
rate capacity effects [3, 8, 18]. The comparison between a few types of 
batteries uses for energy storage is shows in Table 8.1. 
 
 
Table 8.1: Advantages and disadvantages of energy storage. 
 
Energy  Storage Comparison 
Conventional Batteries Supercapacitors Thin Film Batteries 
Adv: 
 High discharge current 
 High energy density 
 Inexpensive 
Disadv: 
 Limited life 
 Replacement labor cost 
 Unsafe, polluting 
 Form factor 
 Peak power 
delivery 
 Long life 
 Inexpensive 
 Form factor 
Disadv: 
 High leakage 
 Low energy 
density 
 High 
temperature 
degradation 
Adv: 
 High discharge 
current 
 High energy density 
 Near zero leakage 
 Long life/Permanent 
 Form factor 
 Safe/Eco-friendly 
 Broader  
temperature range 
 
 
8.4 RESULTS AND DISCUSSION 
 
The calculated and measured data for the system were obtained in 
this chapter. Every result will be discussed and analyze. 
 
8.4.1 Result 1 
The generated voltage of the switching device were measured and 
obtained by using digital multimeter. It is tabulated in Table 8.2 and plotted in 
the graph as shown in Figure 8.13. 
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Table 8.2 : Generated Voltage for Switching Device (Power supply) 
No. Of magnet Voltage (mV) 
6 125 
8 229 
10 345 
12 500 
16 1479 
 
 
Figure 8.13 : Graph of Output voltage vs. No. of magnet for Power supply 
switching device. 
  
 
From the graph above, it shows that when the number of magnet is 
added into the rotary acrylic board, the voltage would increased. The number of 
magnet is increased from 6 to 16 magnets. The output voltage value varies 
linearly from 125 mV until 1.479 V. It shows that by using 16 magnets the 
output voltage will reach to 1.459 V higher compare to when using only 6 
magnets. The velocity of the rotary acrylic board will effected the rotational of 
rotor inside the generator. By referring to Figure 8.7, when the magnet is lesser, 
there will be a huge gap between the magnet b that will effected the 
electromagnetic field interaction between the magnet a and b. When there is 
minimal gap between the magnet b, the will be higher probability of strong 
interaction. 
 
8.4.2 Result 2 
By using Equation (6) with Flux density, B= 1.17 T and   𝜔𝑚 is set 
from 10 rad/sec until 300 rad/sec, the calculation results are tabulated in Table 
8.3 and plotted in Figure 8.14. 
Output Voltage vs. No of 
magnet 
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Table 8.3 : Calculated average terminal voltage with variable speed. 
Mechanical 
Speed ,𝝎𝒎 
(rad/sec) 
Calculated, Ea 
(V) 
p=2 poles 
Calculated, Ea 
(V) 
p=4 poles 
Calculated, Ea 
(V) 
p=6 poles 
10 0.936 0.468 0.312 
30 2.807 1.404 0.936 
50 4.679 2.340 1.560 
70 6.551 3.276 2.183 
100 9.358 4.680 3.119 
150 14.037 7.020 4.679 
200 18.717 9.360 6.239 
250 23.396 11.699 7.799 
300 28.075 14.039 9.358 
 
 
 
Figure 8.14 : Graph of calculated average terminal voltage with variable speed. 
 
The data for a calculated average terminal voltage when the speed is varies 
is tabulated in Table 8.3. From the Figure 8.14 shows that the average terminal 
voltage (output voltage) increase when the speeds is increases.  It also shows 
that when the lower the number of poles, the higher the voltage.   
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 Table 8.4 : The relationship between measured calculated values of terminal 
voltage. 
No.of pole Calculated Ea (V) Measured Ea (V) 
2 18.717 15.42 
4 9.360 10.53 
6 6.239 1.479 
 
 
 
 
Figure 8.15 : Graph of calculated and measured value for average terminal 
voltage with relation to number of poles.  
 
The measured data were obtained by using digital multimeter. Figure 
8.15 shows the comparison between calculated value and measured value of 
average terminal voltage in relation to the number of poles. There are slight 
different between measured and calculated value.  Measures value has lower 
voltages compares to the calculated value. This might be due to core loss which 
the hysteresis loss and eddy current loss were lumped together. When the coil 
current changes rapidly, eddy current flows in the core then produces the mmf 
that tend to change the flux. 
The output voltage and power can be increase by making a large size 
harvester with thousands of turn, it will eventually lead to low efficiency and 
low power density caused by high energy loss on increasing coil resistance. This 
can be concluded by the lower the gap, the greater effect of triggering the rotor.  
With the pole and no. of turn calculated, the suiTable generator can be 
determined in designing a thermoelectric generator. Maximize the voltage 
requires to optimized both electrical part and magneto-mechanical conception of 
the generator.
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8.5 CONCLUSION 
 
This paper presented the energy harvesting using electromagnetic 
generator. The purpose of this project was to find suiTable parameter of 
permanent magnet (PM) in order to have required output voltage to lights up 
the lights (LED). The energy source for this project comes from the perpetual 
motion of interaction of magnet NdFeB is use. Furthermore, the behaviour of 
generator has been reduced by increasing the magnet size and quantity 
compare to turns, voltage and it speed. The main advantages of energy 
harvester are simple operation, low cost and long operating time. Therefore, 
purposed energy harvester is very useful for supplying power for health care 
because of it environmental friendly. 
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